SUPPLEMENTARY METHODS

Magnetic Tensile Cytometry
Magnetic tensile cytometry is a technique by which a magnetic needle tip is positioned near a paramagnetic bead attached to a cell or biomolecule of interest in order to exert relatively high force (versus magnetic twisting cytometry where ferromagnetic particles are used to produce a limited torque. Magnetic tensile cytometry, however, can achieve much higher forces because of its ability to concentrate a magnetic field and focus it on a single paramagnetic particle. As a result of using paramagnetic particles, magnetic hysteresis (remanence) is almost zero, and all forces are tensile forces directed from the particle toward the magnetic source, in this case a sharpened needle tip. We applied magnetic force using a custom-made, water-cooled electromagnetic needle. While the needle was designed to use permalloy (81 % Ni, 19 % Fe) 1 , due to its lack of remanence and magnetostriction (following relief of internal stresses with annealing) 2 , we used a supermalloy core (79 % Ni, 4.9 % Mo, 15 % Fe, 0.1 % impurities, including copper) 3 . This alloy has smaller remanence and magnetostriction, but the highest possible permeability of any alloy readily available. The key relationship between magnetic field, B, and permeability, , is shown in the Biot-Savart Law 3 :
As a result, combining equation 1 with the force on a bead in a magnetic field (equation 2), the force on a bead in a field with constant current density (a measure of the current and total turns of wire around an electromagnetic core), J, and the force on a bead, F bead , will be directly proportional to permeability, the current, and inversely proportional to the square of the distance, r, from the electromagnet (equation 3), where m bead is the magnetization of the bead at a given point in the field 4 .
It is important to note, however, that the permeability is not constant as the space between a bead and the needle will not have the same permeability of the core material. For these studies, this difference is not significant. The magnet core is then inserted into a resin water-jacket, made on a 3-D printer. After wrapping the core with magnet wire, it is inserted into the jacket and sealed with silicone adhesive. The complete electromagnet is shown in Fig. S1a . The white arrows indicate where the ports for ice-cooled water are located. During experiments, these are connected to a water source.
We then place the magnet on a micromanipulator, which allows us to make microscale adjustments to the location of the needle tip. The entire assembly is seen in Fig. S1b . The assembly is then mounted on the microscope stage and can be accurately and quickly positioned near (and also quickly removed from) the vicinity of a specific cell.
The calibration and use of the magnetic needle is accomplished by pulling magnetic beads through a high viscosity clear liquid 5 , in this case, glycerol ( 1 Pa·s). The drag force on a sphere is given in equation 4. Here  is the dynamic viscosity of the liquid, R is the radius of the sphere, and V is the velocity of the particle's velocity.
Using this equation with the magnetic needle at constant current (1 A for all data shown here), and ice-cooled water running through the water jacket, in less than 30 s, the current and volume of the needle will stabilize (each is affected by temperature). At this time, an image series of particle movement is captured. Using the distance traveled by a particle between frames, the average force during that step is determined. An example calibration for the magnet used in this study is seen in Fig. S1c and Supplementary Video 4.
